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I. Introduction
R&D activities are grouped into three distinct types: basic research, applied research and experimental development. Frascati Manual (2002) defines basic research as "experimental or theoretical work undertaken primarily to acquire new knowledge… without any particular application or use in view (p.77)". National Science Foundation defines it as "original investigation for the advancement of scientific knowledge…which do(es) not have immediate commercial objectives". 1 These distinctions imply that basic research is fundamental to knowledge breakthroughs. Economists and policy makers have long debated its role on productivity. Mansfield (1980, p. 863 ) succinctly puts it: "A hotly debated topic among economists, scientists, technologists and policymakers is: Does basic research, as contrasted with applied research and development, make a significant contribution to an industry's or firm's rate of technological innovation and productivity change?" Griliches (1986, p. 145) asks: "whether different types of R&D (basic vs. applied) are equally potent in generating productivity growth". Whilst there is large empirical literature on R&D and productivity, studies linking basic research and applied and experimental development to productivity are rare. Mansfield (1980) , for the first time, tested this debate on US micro data and found significantly positive effects of basic and applied research on productivity growth. 2 Grilliches (1986) confirmed this with the proviso that his results are based on "level regressions" and may suffer from "biases" (p. 147). 3 Succeeding studies on this issue are 1 Mansfield (1980, p. 863) . 2 "My results seem to be the first data on this subject, about which there is so much discussion (Mansfield, op. cit, p. 863)". 3 See also Link (1981). sparse. Furthermore, a study that captures basic versus applied and experimental knowledge across all R&D performing institutions is lacking. This letter bridges this gap.
We measure types of knowledge across all institutions: academic, business, government and private non-profit sector. This is distinct from existing studies confined to particular institutions only. We also incorporate the measures of foreign knowledge stocks.
Thus, we extend this topic to an international setting corresponding to the recent literature on international R&D spillover. We use non-stationary panel data econometrics which addresses the concerns of level regressions.
II. Specification
We estimate separate models for output and productivity. Following Mansfield (1980) , Griliches (1986) , Adams (1990) and Coe et al. (2009) , an augmented Cob-Douglas production function that permits types of knowledge stocks as factor inputs is: 
III. Data and Sample
We analyze an unbalanced panel of 10 OECD countries with 346 observations. 4 R&D expenditure data on basic research, applied research and experimental development are used to compute respective stocks -b it S and ae it S -through perpetual inventory method (PIM) at 15% and 10% depreciation rates. The foreign knowledge stocks are computed employing import ratios as weights. For example, the foreign basic knowledge stock for the
where, j y is GDP of country j; ij m is the capital goods imports of country i from country j; Bassanini and Scarpetta (2002) .
IV. Empirical Results
The panel unit root tests proposed by Im, Pesaran and Shin (2003) and Fisher-ADF 4 Sample countries are: Australia (29), France (37), Iceland (36), Ireland (37), Italy (37), Norway (37), Portugal (36), Japan (32), Spain (28) (Maddala and WU, 1999) both confirm that our panel data are unit root processes. For brevity, results are available on request.
We apply Pedroni's (1999) group-t-statistic (parametric) for co-integration test as it (i) allows for heterogeneous co-integrating vectors across panel units, and (ii) is the most powerful test (Pedroni, 2004) . The co-integrating parameters are estimated by FMOLS. Table 1 reports the results for output. Griliches (1986) and Adams (1990) As before, with Mansfield (1980) , Griliches (1986) and Adams (1990) 
V. Conclusion
Two types (basic vs. applied and experimental) of knowledge stocks are measured across all players in the R&D sector. Both contribute to domestic output and productivity. The international knowledge spillovers associated with basic R&D, total R&D and business sector R&D appear prominent but those with applied and experimental R&D appear less robust. Evidence is consistent that basic knowledge exerts its effects over a long period.
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